Traumatic anterior shoulder dislocation produces injury to the anterior glenohumeral ligament complex. Most commonly, this capsuloligamentous complex is torn off the anteroinferior glenoid neck (Bankart lesion). Creation of a humeral avulsion of the glenohumeral ligaments (HAGL lesion) is a much less common pathological result. Failure to identify and appropriately treat this entity frequently leads to recurrent dislocations. We describe the preferred arthroscopic techniques for identification and anatomical suture anchor repair of the anterior HAGL lesion. In a 4-year period, the senior author performed 215 operations for anterior shoulder instability. Six (2.8%) of these patients were diagnosed with anterior HAGL lesions and were treated with arthroscopic repair, as described below. At an average of 31.8 months of follow-up, no patients with an anterior HAGL repair have sustained recurrent dislocation or subluxation. The average University of California at Los Angeles shoulder score has improved from 18.3 to 33.0. All patients had good or excellent final result by the modified University of California at Los Angeles scoring system, and all were satisfied with the results of their operations.
| HISTORICAL PERSPECTIVE
Traumatic anterior shoulder dislocation occurs with injury to the anterior glenohumeral ligament complex. Most commonly, this capsuloligamentous complex is disrupted proximally at its origin on the anteroinferior glenoid neck (the Bankart lesion). Much less frequently, the injury occurs within the substance of the ligaments or distally where the glenohumeral ligaments insert on the anterior and inferior humeral neck. The humeral avulsion of the anterior glenohumeral ligaments, coined HAGL lesion by Wolf et al, 1 has been diagnosed in 7.5% to 9.3% of patients undergoing arthroscopic surgery for anterior instability. 2 The diagnosis of an HAGL lesion can be made with magnetic resonance imaging (MRI). However, the diagnosis is missed in 50% of the cases based on imaging studies alone. 3 Diagnostic arthroscopy allows the best means by which to assess the integrity of the glenohumeral ligament complex and of the humeral insertion specifically. Repair of this lesion was originally described using an open surgical technique. 1, 4 However, in the last 3 years, there have been several small series of all arthroscopic repairs with good results. 5Y7 Unfortunately, to date, there have been no large series of arthroscopic HAGL repairs with long-term follow-up to validate these techniques.
The missed diagnosis of an HAGL lesion during procedures for instability has been described as a cause of treatment failure and recurrent instability. 8 In a study by Bokor et al, 2 18.2% or 6 of 33 revision instability procedures had a diagnosis of HAGL lesion, thus emphasizing the importance of identification and treatment during the index operation. It is also important to recognize that HAGL lesions have been reported to occur in combination with Bankart lesions 9, 10 ; as such, the humeral insertion of the glenohumeral ligament complex should be carefully evaluated even when a Bankart lesion is identified. 11 Although 94% of HAGL lesions have been diagnosed after violent trauma, 2, 12 there is a case report of an HAGL lesion resulting from the repetitive microtrauma that occurs during overhand throwing. 13 
| INDICATIONS/CONTRAINDICATIONS
The indication for surgical treatment of patients with HAGL lesions is basically the same as those for patients with anterior instability in general. Patients with HAGL lesions are similar to patients with Bankart lesions in that healing of the capsuloligamentous complex back to its preinjury state without surgical intervention cannot be expected. The result of nonoperative treatment is usually a lax anterior capsulolabral restraint with persistent instability. We recommend surgical repair for active patients with a history of one or more dislocations and residual symptoms of instability prohibiting normal or desired activity level. We recommend acute repair after the initial dislocation in young individuals desiring to return to aggressive athletic activity. It is often reasonable to schedule surgical repair in between seasons of athletic competition.
| PREOPERATIVE PLANNING
An MRI examination is recommended to assess the anterior glenohumeral ligament complex and the labrum and rotator cuff preoperatively. The diagnosis of HAGL lesion was correctly made from preoperative MRI in only 50% of our cases, emphasizing the importance of the diagnostic arthroscopy. Sixty-eight percent of the patients with an HAGL lesion have associated shoulder injuries such as Hill-Sachs lesions, labral injuries, osteochondral injuries, and rotator cuff tears. 3 Preoperative identification of these frequently associated pathologies is desirable, so that sequence of repair and portal placement may be appropriately planned. Diagnostic arthroscopy from the posterior portal allows accurate identification of all pathology, so that working portal placement can be tailored to address specific areas of injury.
| TECHNIQUE
After the administration of general anesthesia, the patient is positioned in the lateral decubitus position. A warming blanket is placed to prevent hypothermia during the case. Examination under anesthesia confirms the direction and extent of instability. The patient is prepared and draped in the standard sterile fashion, and the arm is placed in balanced suspension, with 5 to 10 lb of traction maintaining the arm in approximately 30-degree abduction and 20-degree forward flexion (Star Sleeve Traction System; Arthrex, Inc, Naples, Fla).
The 30-degree arthroscope is placed through a posterior-viewing portal, and a thorough diagnostic arthroscopy is performed. A careful inspection of the humeral insertion of the anterior glenohumeral ligaments should be performed in all cases of anterior instability because pathology in this location is frequently missed by preoperative MRI. An 18-gauge spinal needle is used to establish the location and angle of the accessory working portals. An anterior midlateral portal is established just over the lateral half of the subscapularis tendon. An 8.25-mm clear fishbowl cannula (Arthrex, Inc) is inserted at this location. A 7-mm clear cannula is inserted through the anterosuperolateral (ASL) portal located just off the anterolateral corner of the acromion and entering the joint through the rotator interval just anterior to the supraspinatus tendon (a routine portal for all anterior instability repairs). The anterior glenohumeral ligaments are inspected from their glenoid/labral origin to their attachment on the humeral neck. In the case of an HAGL lesion, all or part of the middle and inferior glenohumeral ligaments is avulsed from their humeral insertion. The humeral insertion is best visualized with a 70-degree scope in the posterior portal or with a 30-degree scope placed in the ASL portal (Fig. 1) . A probe placed through the anterior midlateral portal is used to assess the competency of the ligaments. In cases of long-standing recurrent instability, we pay particular attention to areas of possible bone deficiency. If a large engaging Hill-Sachs lesion or significant glenoid bone defect exists, we usually change the treatment plan to that of an open Latarjet or alternative procedure to address the area of bone deficiency. If combined anterior HAGL and Bankart lesions are discovered, the HAGL lesions should be addressed first because this is certainly the more constrained space to work in.
The arthroscopic repair of an HAGL lesion begins with the preparation of the humeral bone bed. The ligaments' native insertion is debrided of soft tissue down to a bleeding bone bed to maximize the potential for healing. This is accomplished while viewing from an ASL portal with the shaver placed through the anterior midlateral portal (Fig. 2) .
The key to performing an arthroscopic HAGL repair is to attain the correct angle of approach for placement of suture anchors into the humerus. This very oblique angle is one of the most difficult and most unforgiving angles of approach to achieve in shoulder arthroscopy; for that reason, we refer to it as ''the killer angle.'' A spinal needle is used to determine this angle of approach; then, a 3.5-mm Spear Guide (Arthrex, Inc) is ''walked'' along the spinal needle, penetrating the subscapularis tendon and serving as the delivery conduit for BioSutureTak anchors (Arthrex, Inc. Naples, FL) (Figs. 3A and B) . The skin incision for the anchorinsertion portal is typically approximately 2 cm inferomedial to the anterior midlateral portal (Fig. 4) . One or 2 anchors, double-loaded with FiberWire (Arthrex, Inc. Naples, FL), are inserted through this portal into the proximal humerus, depending on the size of the lesion.
Suture passage is accomplished while viewing from the ASL portal with a 30-degree scope. A single suture is retrieved out of the anterior midlateral portal and is loaded into a Viper suture passer (Arthrex, Inc). The Viper is used to pass the suture through the free edge of the ligament (Fig. 5 ). This process is repeated until all sutures have been passed (2 or 4, depending on the number of anchors). Alternatively, in certain cases, we have found it easier to use a suture shuttle system for suture passage. In this technique, while viewing from FIGURE 2. In this arthroscopic view of the right shoulder from the ASL portal with the 30-degree scope, the shaver has been placed through the anterior midlateral portal and is used to prepare the humeral bone bed. B indicates bone bed; H, humerus. the ASL portal, a single FiberWire suture is retrieved out of the posterior portal. The 90-degree curved Suture Lasso (Arthrex, Inc) is placed through the anterior midlateral portal and is used to pass a nitinol loop through the capsuloligamentous tissue. The loop is then retrieved out of the posterior portal. The FiberWire suture is loaded in the loop which is then retrieved back through the capsuloligamentous tissue and out of the anterior midlateral portal.
The anterior capsule and glenohumeral ligaments are then secured to the bone bed with arthroscopic knots. The knots are tied by retrieving the appropriate sutures out of the anterior midlateral cannula. The Sixth Finger Knot Pusher (Arthrex, Inc) is used to manipulate the ligament over the bone bed while a very secure 6-throw static knot is tied. The security of the completed repair is assessed from the ASL viewing portal during rotation of the arm (Fig. 6) . At this time, all other concomitant shoulder pathology is addressed before standard closure of the portals.
| RESULTS
During the period from January 2002 to January 2006, the senior author performed 215 arthroscopic surgeries for anterior instability (Bankart and capsular imbrication/repair and HAGL repair). An HAGL lesion was diagnosed and repaired in 6 of these patients, giving a 2.8% incidence. None of these patients had a concomitant Bankart lesion. Of these 6 cases, only 3 were diagnosed preoperatively, despite all having had an MRI that was reviewed by a musculoskeletal radiologist and an orthopedic surgeon. The remaining 3 were diagnosed during the diagnostic arthroscopic examination. An arthroscopic HAGL repair was performed, as outlined above in each of the cases. Five cases had tears that required 2 suture anchors for repair, whereas 1 case only required a single anchor. All patients have recently been contacted; at an average of 31.8 months postoperatively, no patients have had recurrent instability (dislocation or subluxation event). At the time of final follow-up examination, University of California at Los Angeles shoulder scores had improved from 18.3 preoperatively to 33.0 postoperatively. External rotation was restricted by an average of 10 degrees compared with the normal shoulder. All patients demonstrated a negative apprehension sign and suggested that they were satisfied with the procedure. According to our review of the literature, this study represents the longest follow-up on the largest series of arthroscopically repaired HAGL lesions.
| COMPLICATIONS
There were no complications in this small series of 6 patients. However, 1 patient (workers' compensation) reported mild-to-moderate persistent pain (4/10) at his final follow-up examination. We believe that the risk of complication is similar to that of shoulder arthroscopy in general. Our greatest concern is to avoid nerve injury during placement and use of the anteroinferomedial portal for suture anchor placement. This is done by initially placing the portal with spinal needle guidance with the shoulder adducted near the side because abduction and external rotation will draw the musculocutaneous nerve near the portal tract, increasing the risk of injury. 
| POSTOPERATIVE MANAGEMENT
After the operation, the patient is placed in a sling with a small abduction pillow. During the first 4 postoperative weeks, the patient is instructed to perform active elbow motion and passive external rotation to neutral. From 4 to 6 weeks postoperatively, the patient is instructed on passive forward flexion and rotational stretches, with external rotation limited to 30 degrees. Progressive resistance training with elastic bands begins at 6 weeks postoperatively. It is our goal for patients to achieve one half of the normal shoulder's external rotation at 3 months after the operation. We anticipate that, at 6 months postoperatively, a slight restriction to external rotation will remain and will be a permanent but asymptomatic restriction.
| POSSIBLE CONCERNS, FUTURE OF THE TECHNIQUE
The advancement of shoulder arthroscopy for the last 10 years has clearly improved our ability to diagnose and treat the HAGL lesion as a pathological component of anterior shoulder instability. Given the difficult angle required and the restricted working space available for the repair, this procedure will continue to be challenging to perform. We anticipate that new advances in arthroscopic instrumentation will further improve our ability to manage this pathology. The rare occurrence of this lesion will make large patient series with long-term follow-up difficult to achieve.
